The performance of twin injection seeded Nd:YAG lasers is compared with the performance of an argon-ion laser for recording dual-reference-beam holograms in AGFA 8356 emulsion. Optical heterodyning is used to measure interference, and the results are expressed in terms of heterodyning signal level and inteiisity signal-to-noise. The Nd:YAG laser system is to be used for optical inspections of structures for cracks, defects, gas leaks, and structural changes.
I. INTRODUCTION
Optical heterodyning was used to perform the measurements. A point load was applied to the sample between exposures of the argon-ion laser hologram. The Nd:YAG hologram was a double exposure of the sample, recorded while the sample was vibrating in its first cantilever mode. The second derivatives are seen to deviate significantly from linear in the neighborhood of the crack. The argon-ion and Nd:YAG holograms were equally effective for crack detection.
Nd:YAG lasers offer several advantages over argon-ion and ruby lasers for performing routine optical inspections such as the crack detection example. The lasers radiate from 5 to 50 Q-switched pulses per second, making it easy to align the beams relative to an object. The second harmonic of the Nd:YAG laser at 532 nm is close to the wavelength of argon-ion at 514. 5 nm, so that two argon-ion beams can be used to reconstruct the fringe patterns for measurement with minimum wavelength-shift error. The high repetition rates of the lasers make it possible to perform many optical inspections of short-lived structures.
Dual-reference-beam, holographic interferometry can be performed with holographic emulsions on film when it is necessary to record more than 7 one hologram per second.
These benefits should be weighed with caution. There are relatively few examples of Q-switched, Nd:YAG holography, 5, [8] [9] [10] although Nd:YAG itself has a good commercial track record. Beam smoothing methods such as spatial filtering are fairlydifficult to perform with Nd:YAG as with ruby lasers.
A startling property of Nd:YAG laser holography is the change in performance of the common silver halide emulsions used for holography.
Pulsed laser holograms, with ruby in mind, are quoted as having a factor of 2 to 4 reciprocity failure.'' i t is shown in this paper that the short pulses from the Nd:YAG laser (5 nsec to 15 nsec) result in a factor of 4 to 6 reciprocity failure. Everything else equal, this means that a Nd:k'AG laser will require 4 to 6 times the energy of an argon-ion exposure for a given hologram situation. This disturbing property is ameliorated significantly by two facts. First, heterodyne holographic interferometry is adequate for optical inspections even though the detected signals vary by 2 to 3 orders of magnitude. The factors that determine sensitivity are not affected very much by the holographic technique, consequently big mistakes are forgiven. The second fact, substantiated by the measurements reported herein, is that increasing the temperature of the developer by 6 to 10 F improves the performance of the silver-halide emulsions substantially, when they are exposed to the second harmonic of a Q-switched, Nd:YAG laser.
In this paper, argon-ion at 514.5 nm is compared with Nd:YAG at 532
Hardware, experimental setup, and
The trends established appear to be similar for nm for the Agfa 8E56 emulsion.
results are discussed.
other holographic emulsions such as Agfa 10E56 and Kodak SO 253.
INSTRUMENTATION
The principal hardware for this work was a pair of Quantel International YG580 Series oscillator, amplifier, frequency-doubler combinations and a single injection seeder. The three lasers were assembled by the manufacturer and mounted on a single, covered, vibration-isolation table.
The injection seeder causes the Q-switched oscillators to tend to operate in a single longitudinal mode. 12 In the absence of the injection seeder, There are some cautions in buying and using such a system in addition to proper use of the holographic emulsions. One tacit assumption is that the two lasers produce beams which are identical geometrically, have the same frequency, and are precisely coaxial at the object. Otherwise systematic phase errors and relative specklepattern shifts can occur.
Differences in the beam properties have not so far affected the optical inspection applications. B e a n differences and misalignment could become important if more exact numerical results are required. A more noticeable effect has been less reliability in getting an injection-seeded second pulse as the pulse separation decreases, especially below 100 microseconds.
A second principal item is a Coherent Innova 90 argon-ion laser used for reconstruction and for fringe measurements. This laser was also used to record the argon-ion holograms which were compared with the Nd:YAG holograms. For reconstructions and measurements, the laser was always operated at a wavelength of 514.5 nm, at a power of 325 mW, and with its etalon installed. The l/e" diameter of this laser beam is about 1.5 mm. The results are summarized by Figs. 2 and 3 . Figure 2 
IV. DISCUSSION
The argon-ion, 8E56 performance shown in Fig. 2 is a good choice for comparison with the accompanying Nd:YAG, 8E56. The exposure is 13 exactly in the range recommended to achieve an optical density of unity , which is desirable for bleached holograms. This exposure is also desirable for dual-reference-beam holograms. Exposures 50 percent higher and 50 percent lower resulted in significantly lower figures of merit. The maximum heterodyne signal for the argon-ion holograms was actually measured for the heavier exposure, but the signal-to-noise was more than proportionately reduced.
A developer temperature of 68' F' produces a comparatively poor performance for Nd:YAG, 8E56 as shown in Figs. 2 and 3 , even though the interference phase is easy to measure. The performance improves significantly for warmer developer. In fact, the signal-to-noise in Fig. 3 does not differ much from the argon-ion values when the developer temperatures are 74' F and higher. 
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